Keywords: ErbB4 NRG1 Diffusion tensor imaging Magnetic resonance imaging Voxel based morphometry Anterior limb of internal capsule Variations in the signalling NRG1-ErbB4 pathway have been associated with genetic susceptibility for both bipolar disorder and schizophrenia, although the underlying neural mechanisms are still uncertain. Reduced integrity of the anterior limb of the internal capsule (ALIC) has been found in association with risk-associated genetic variation in the 5′ region of the NRG1 gene. We hypothesised that variation in the gene encoding the NRG1 receptor, ErbB4, would also be associated with reduced ALIC integrity and with cognitive impairments characteristic of individuals with bipolar disorder and schizophrenia. Using diffusion tensor imaging (DTI), we examined the white matter integrity associations of the ErbB4 polymorphism rs4673628, which resides within intron 12 of the gene encoding ErbB4, in 36 healthy individuals. We also sought to clarify the cognitive effects of any findings. We found that genetic variation at the rs4673628 locus in the ErbB4 gene was significantly associated with ALIC white matter integrity which was also significantly and positively associated with mnemonic function. These findings provide further evidence to support a key role of NRG1-ErbB4 signalling in the pathophysiology of major mental disorders.
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Introduction
Bipolar disorder and schizophrenia are highly familial, severe psychiatric disorders with a combined lifetime risk of greater than 2%. Although some ameliorative treatments are available, the disorders show a tendency to become recurrent or persistent and our limited mechanistic understanding of these disorders currently restricts opportunities for early detection and more effective treatment. Bipolar disorder and schizophrenia have been traditionally considered separate entities but evidence from family, twin and adoption studies together with the lack of symptoms, treatment or outcome specific to either disorder, support the hypothesis of a genetic overlap in the pathophysiology of these disorders (Crow, 1990; Maier et al., 2006; Purcell et al., 2009) . Currently one of the strongest candidate genes is NRG1 (Stefansson et al., 2002; Green et al., 2005; Thomson et al., 2007) , whose involvement has been supported by numerous genetic association studies, and also by structural and functional imaging studies (Hall et al., 2006; Winterer et al., 2008; Mechelli et al., 2008) . A receptor for NRG1, the ErbB4 receptor, has also been implicated in the pathogenesis of schizophrenia (Norton et al., 2006; Silberberg et al., 2006; Nicodemus et al., 2006; Hahn et al., 2006; Law et al., 2007) and there is evidence of an interaction between a specific variant in this gene, rs4673628, and the NRG1 Icelandic haplotype (Norton et al., 2006) . The same variant within ErbB4 has also been shown to influence splice-variant expression, being associated with an abundance of JM-a variant isoforms in subjects affected by schizophrenia. These variant isoforms contain a metalloprotease cleavable extracellular domain rendering them susceptible to processing by the metalloprotease/presenilin-dependent γ-secretase proteolytic pathway further suggesting that this polymorphism may have important functional consequences (Silberberg et al., 2006; Law et al., 2007) . The NRG1-ErbB4 pathway is involved in synaptic plasticity (Mei and Xiong, 2008) , and in the development of thalamo-cortical axon finding (Lopez-Bendito et al., 2006) . Reduced NRG1-ErbB4 signalling may lead to deficits in pyramidal and GABAergic neuronal migration, neurite outgrowth, axon projection and myelination, processes of likely relevance to both schizophrenia and bipolar disorder (Maier et al., 2006; Mei and Xiong, 2008) . Although, to our knowledge, no studies have investigated the genetic involvement of ErbB4 in the pathogenesis of bipolar disorder, disrupted NRG1-ErbB4 signalling may be a mechanism shared by both disorders with common effects on brain structure. The heritability of brain structure along with replicated imaging abnormalities in both affected patients and their E-mail address: riccardozuliani@googlemail.com (R. Zuliani).
